7 10/502270 

DT15R$c'(tPGVPTQ 2 2 JUL 2004 

-1 - 

AN APPARATUS FOR SIMULTANEOUS CLEANING OF A LIQUID AND A GAS 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is entitled to the benefit of and incorporates by reference 
essential subject matter disclosed in International Application No. 
PCT/SE02/02401 filed on December 19, 2002 and Swedish Patent Application 
No. 0200204-6 filed on January 25, 2002. 



FIELD OF THE INVENTION 
[0002] The present invention relates to an apparatus for the simultaneous 

cleaning of a liquid from first particles suspended therein and a gas from second 
particles suspended therein, in which apparatus a centrifugal rotor is rotatable 
about a rotational axis and arranged for through flow and cleaning of said liquid, a 
driving device is arranged for rotation of the centrifugal rotor about said rotational 
axis, a gas cleaning device is connected with the centrifugal rotor for rotation 
together therewith and is arranged for through flow and cleaning of said gas, a 
stationary housing surrounds the centrifugal rotor and delimits a passage for 
conducting said gay to a gas inlet of the gas cleaning device and the gas 
cleaning device includes a stack of conical separation discs, which are arranged 
coaxially with said rotational axis and between themselves delimit flow passages 
for the gas to be cleaned. 



BACKGROUND OF THE INVENTION 
[0003] WO 99/56883 shows (in Fig. 5) and describes an apparatus of this kind, in 
which the gas cleaning device includes first a number of conical separation discs 
rotatable with the centrifugal rotor and second a number of stationary conical 
separation discs. The stationary separation discs are arranged between the 
rotatable separation discs. The gas cleaning device further comprises a housing 
rotatable with said centrifugal rotor, said housing being provided with a gas inlet 
for the gas to be cleaned and supporting on its inside the rotatable separation 
discs, and a stationary central tube forming a gas outlet for cleaned gas and 
supporting on its outside the aforementioned stationary separation discs. A gas 
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cleaning device designed in this way is relatively expensive to manufacture and, 
moreover, it requires a certain overpressure of the gas to be cleaned, to enable 
the gas to flow through the gas cleaning device. 

[0004] WO 99/56883 also shows (in Fig. 7) an alternative embodiment of a gas 
cleaning device having conical separation discs. Also this gas cleaning device is 
relatively expensive to manufacture. Furthermore, a separate gas supply device is 
required, since the housing surrounding the centrifugal rotor for the cleaning of 
liquid, in this case, does not delimit any gas supply passage leading to the gas 
cleaning device. 

[0005] The object of the present invention is to provide an apparatus for 

simultaneous cleaning of both a liquid and a gas, said apparatus being compact 
and relatively inexpensive to manufacture and, moreover, enabling cleaning of 
gas without the gas being subjected to a pressure drop on its passage through 
the gas cleaning device. 

SUMMARY OF THE INVENTION 
[0006] According to the invention, this object may be obtained by an apparatus of 
the initially defined kind, which is characterized in that the stack of separation 
discs delimits a central space in communication on one hand with said passage 
in the stationary housing, through the inlet of the gas cleaning device, and on the 
other hand with radially inner parts of the flow passages between the conical 
discs, and that the stack of separation discs is surrounded by a stationary casing 
delimiting around the separation discs a receiving space, in which radial outer 
parts of the flow passages between the conical discs open. 

[0007] An apparatus constructed in this way becomes inexpensive to 

manufacture, since essentially the whole rotatable gas cleaning device may be 
constituted by a stack of conical separation discs supported by one and the same 
support device, which in turn is supported by said centrifugal rotor. Furthermore, 
the gas cleaning device during operation will actively pump the gas to be cleaned 



SUBSTITUTE 



-3- 

through the gas cleaning device, instead of creating a flow resistance for the gas. 
The apparatus in its entirety may be made very compact due to the fact that the 
stationary housing surrounding the centrifugal rotor is used to form a supply 
passage for the gas to be cleaned. 

[0008] To become as compact as possible the apparatus is preferably designed 
such that the stationary housing around the centrifugal rotor and the stationary 
casing around the stack of separation discs are formed of a common house. 
Then, if desired, a supply channel for gas to be cleaned may be formed 
completely separate in said house, the gas inlet to the gas cleaning device being 
situated at any end of the gas cleaning device. For instance, the stationary 
housing around the centrifugal rotor - and possibly even the stationary casing 
around the gas cleaning device - may have two surrounding walls, which 
between themselves delimit said supply channel. However, it is preferred that 
said gas inlet is situated at the end of the gas cleaning device, facing the 
centrifugal rotor, and that the supply channel for gas to be cleaned is formed by a 
space surrounding the centrifugal rotor and formed between this and the 
stationary housing. Of course, a space of this kind may constitute a part of the 
supply passage for gas to be cleaned, a separate channel being formed in the 
casing around the separation discs and being arranged to conduct the gas 
further to said gas inlet independent of at which end of the gas cleaning device 
the gas inlet is situated. 

[0009] In the case the gas inlet is facing the centrifugal rotor and a common 
house surrounds the centrifugal rotor as well as the separation discs, preferably 
an annular partition is arranged between the centrifugal rotor and the gas 
cleaning device for conducting tho gas to be cleaned from the aforementioned 
space around the centrifugal rotor radially inwards to the gas inlet of the gas 
cleaning device. 

[0010] For practical reasons and for obtaining the best possible balance of the 
rotatable parts of the apparatus, the apparatus advantageously is arranged so 
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that said rotational axis extends vertically, the gas cleaning device preferably 
being placed above the centrifugal rotor. An arrangement of this kind is especially 
suitable in the case the centrifugal rotor is reaction driven by means of 
pressurized liquid, i.e. when the centrifugal rotor has a centrally situated inlet for 
such liquid and at least one liquid outlet spaced from the rotational axis and 
directed tangentially to accomplish a reaction drive of the centrifugal rotor. 
However, any suitable driving device may be used for the rotation of the 
centrifugal rotor. Thus, it may be driven by means of an electrical, hydraulical or 
prieurnatical motor. Advantageously it may be driven by means of a socalled 
Pelton-turbine. 

[0011] An apparatus according to the present invention is especially suitable for 
use with a combustion engine for cleaning of both the lubricating oil of the 
engine, which is circulated inside the engine, and crankcase gas leaving the 
engine at a relatively low overpressure. 

BRIEF DESCRIPTION OF THE DRAWING 
[0012] The invention is described in the following with reference to the 
accompanying drawing, which shows a longitudinal section through an 
apparatus for simultaneous cleaning of a liquid and a gas, e.g. lubricating oil and 
crankcase gas. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] The apparatus in the drawing comprises a stationary house consisting of 
a housing 1, which is essentially cylindrical, and on top thereof a casing 2, which 
also is essentially cylindrical and which at the top has an end wall 3. The house 
1, 2 rests on a foundation 4. 

[0014] A frusto-conical partition 5 is fixedly arranged between the housing I and 
the casing 2 and divides the interior of the house into a lower chamber 6 and an 
upper chamber 7. The partition 5 has a central through opening 8. Gas to be 
cleaned may be conducted into the lower chamber 6 through an opening 9 in the 
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foundation 4, and cleaned gas may leave the upper chamber 7 through an outlet 
opening 10 in the end wall 3 of the casing 2. 

[0015] A centrifugal rotor 11 for cleaning of said liquid is arranged in the lower 
chamber 6 and is rotatable around a vertical axis 12. The centrifugal rotor 11 
supports, on its upper side, a gas cleaning device 13 for cleaning of said gas. 
The gas cleaning device is situated in the upper chamber 7 and is arranged to 
rotate together with the centrifugal rotor 1 1 . 

[0016] The main parts of the centrifugal rotor I I will be described below, but for a 
more detailed description of the centrifugal rotor reference is made to WO 
99/51353. Therein, a substantially similarly designed centrifugal rotor is 
described and shown (see especially figures 3-5). Thus, the detailed 
configuration of the centrifugal rotor 1 1 constitutes no part of the present 
invention. 

[0017] A stationary shaft 14 extends vertically and centrally through the entire 
house 1, 2. The shait 14 is at its lower end connected with a diagrammatically 
shown stationary member 15 and is at its upper end connected with said end 
wall 3. The shaft 14 is surrounded by a tubular supporting member 16, which 
extends through both of the chambers 6 and 7 and is journalled on the shaft 14 
through a lower bearing 17 and an upper bearing 1EL In the lower chamber 6 the 
member 16 supports said centrifugal rotor 11, and in the same way the member 
16 supports said cleaning device 13 in the upper chamber 7. 

[0018] The centrifugal rotor 11 comprises a casing 19 and an end wall 20, which 
together delimit a separation chamber 21. Both the casing 19 and the end wall 20 
are connected with the tubular member 16 in a way so that they may rotate 
together therewith retative to the central shaft 14. A ring of separation discs 22 is 
arranged around the member 16 within the separation chamber 21. Every 
separation disc 22 extends both axially and radially relative to the rotational axis 
12. Preferably, the disc extends arcuately from a first to a second distance from 
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the rotational axis 12 (see figure 5 in WO 99/51353). Axial flow channels are 
formed between the separation discs 22, evenly distributed around the rotational 
axis 12. 

[0019] The separation discs 22 are connected with the tubular member 16 by 
means of an only diagrammatically shown supporting device 23. The supporting 
device 23 comprises a number of radially extending wings 24 situated above the 
separation discs 22 and evenly distributed around the rotational axis 12. 

[0020] Below the separation discs a number of wings 25 are arranged in a 

similar way around the rotational axis 12. The wings 25 may extend either radially 
or arcuately from their radially innermost to their radially outermost edges. The 
wings 25 are supported by an essentially plane, annular partition 26, which in 
turn is supported at its radially outermost part by the end wall 20 of the centrifugal 
rotor. 

[0021] The end wall 20 is formed with two recesses situated diametrically on 
each side of the rotational axis 12 and forming between the end wall 20 and the 
partition 26 two outlet chambers 27 and 28 for liquid having been cleaned in the 
centrifugal rotor. These outlet chambers communicate with the separation 
chamber 21 through passages formed between a central part of the end wall 20 
and the radially innermost part of the partition 26. Each of the outlet chambers 27 
and 28 communicates with a liquid outlet 29 and 30, respectively (merely 
indicated by a dashed circular line), which extends through the end wall 20 at a 
distance from the rotational axis 12 and is directed tangentially relative to the 
rotational axis. 

[0022] Between the stationary central shaft 1 At and the rotatable tubular 

supporting member 16 there is formed an annular channel 31. At its lower end 
this channel 31 communicates, through holes 32 in the central shaft 14, with a 
central inlet channel 33 in the lower part of the central shaft. The inlet channel 33, 
in turn, communicates with a source of pressurized liquid to be cleaned in the 
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centrifugal rotor. , At its upper end the annular channel 31 communicates, through 
holes 34 in the tubular member 16, with the upper part of the separation chamber 
21. 

[0023] The gas cleaning device 13 in the upper chamber 7 comprises a lower 
conical end wall 35 and an upper conical end wall 36. Between these end walls 
35 and 36 there is arranged a stack of frusto-conical separation discs 37, which 
between themselves delimit flow passages for gas to be cleaned therein. The 
end walls 35 and 36 as well as the separation discs 37 are connected with the 
tubular member 16 in a way so that they are rotatable together therewith. 

[0024] In a central part, the lower end wall 35 has a number of through holes 38 
distributed around the rotational axis 12, whereas the upper end wall 36 has no 
such holes. Centrally in the stack of separation discs 37 a space is delimited 
between the end walls, forming an inlet chamber 39 for gas to be cleaned. This 
inlet chamber may be formed, alternatively, by all of the separation discs in their 
central parts having through holes similar to the holes 38 in the lower end wall 
35. The inlet chamber 39 communicates both with the aforementioned central 
opening 8 in the conical partition 5, through the openings 38 in the lower end wall 
35, and with the chamber 7, in which the cleaning device 13 is situated, through 
said flow passages between the separation discs 37. 

[0025] In the cleaning device 13 the separation discs 37 are kept at a distance 
from each other by means of elongated spacing members (not shown), which 
between themselves delimit the aforementioned flow passages. Such spacing 
members may be completely straight and extend either radially or form an angle 
with radii starting from the rotational axis 12. Alternatively, the spacing members 
may have a curved or some other suitable shape. A closer description of a 
cleaning device of the kind here in question can be found in WO 01/36103. 
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[0026] The aforementioned conical partition 5 has a plurality of small through 
holes 40 at its radially outermost part, evenly distributed around the rotational axis 
12. 

[0027] The above described cleaning device operates as follows when used for 
cleaning of lubricating oil, circulating under pressure in a combustion engine, 
and for cleaning of crankcase gas leaving the same combustion engine. 

[0028] Lubricating oil to be (leaned from solid particles, such as soot and 
possible metal particles, is supplied with an overpressure into the separation 
chamber 21 of the centrifugal rotor I I through the inlet channels 33 and 31. As 
illustrated by means of arrows in the drawing, the lubricating oil flows further 
substantially axially downwardly in the spaces between the separation discs 22 
and further to the two outlet chambers 27 and 28. The pressurized lubricating oil 
leaves the centrifugal rotor through the tangentially directed outlets 29 and 30, 
whereby a reaction force arises causing the centrifugal rotor to rotate around the 
rotational axis 12. 

[0029] Lubricating oil entering the upper part of the separation chamber 21 
through the openings 34 is brought into rotation by means of the wings 24 
rotating with the centrifugal rotor. During its through flow of the spaces between 
the separation discs 22 the lubricating oil is freed from particles suspended 
therein, which deposit onto the separation discs and then slide thereon radially 
outwards. When the particles have reached the outer edges of the separation 
discs 22 they are thrown radially outwards and deposit onto the inside of the rotor 
casing 11. 

[0030] The lubricating oil freed from particles continues downwards between the 
separation discs and leaves the centrifugal rotor through the outlet openings 29 
and 30, as earlier described. The (leaned lubricating oil is returned to the 
combustion engine through the opening 9 in the foundation 4. 
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[0031] Entering the cleaning device through the same opening 9 in the foundation 
4 is crankcase gas to be cleaned from a mist of lubricating oil and possible 
accompanying solid particles. The contaminated crankcase gas firstly flows 
upwards through the chamber 6 between the centrifugal rotor I I and the 
stationary housing I and is then conducted towards and through the central 
opening 8 in the conical partition 5. The housing I for the centfifugal rotor 11 thus 
delimits a supply passage (6), leading to the gas cleaning device, for gas to be 
cleaned. 

[0032] The main part of the crankcase gas is then conducted into the central inlet 
camber 39 in the gas cleaning device 13 and from there further through the flow 
passages between the separation discs 37. In these flow passages the 
crankcase gas is brought into rotation, particles suspended therein being 
deposited onto the separation discs 37. Separated liquid particles coalesce to a 
liquid, i.e. lubricating oil in this case, which as a consequence of centrifugal 
forces flows on the separation discs to their radially outer edges. The lubricating 
oil is thrown therefrom out in the chamber 7 and deposit on the inside of the 
casing 2 surrounding the cleaning device 13. The lubricating oil runs downwards 
on the casing 2 and through the holes 40 in the partition 5 into the chamber 6. 
Herein the lubricating oil runs further downwards on the inside of the housing 1 
and is conducted through the opening 9 in the foundation 4 back to the 
combustion engine. 

[0033] The cleaned crankcase gas flows out of the chamber 7 through the outlet 
10 and may, if desired, be returned to the combustion engine through its air 
intake or be conducted to the surrounding atmosphere. 

[0034] Due to the fact that the crankcase gas is brought into rotation between the 
separation discs 37, the rotating cleaning device will operate as a fan creating an 
underpressure at the central opening 8 in the partition 5. Crankcase gas will thus 
be sucked upwards through the chamber 6 around the centrifugal rotor 1 1 and 
does not have to be supplied to the cleaning device 13 with an overpressure. 
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However, this requires that the interspace between the rotating lower end wall 35 
of the cleaning device 13 and the stationary partition 5 is not too large. By proper 
dimensioning of this interspace conditions may be created for a minimum of flow 
of crankcase gas between the cleaning device 13 and the partition 5. 

[0035] Possibly, a sealing means, e.g. a labyrinth seal, may be arranged between 
the stationary partition 5 and the rotatable lower end wall 35, which is not 
desirable, though. 

[0036] In the embodiment of the invention described above gas to be cleaned is 
conducted in direct contact with the outside of the centrifugal rotor 11 on its way to 
the cleaning device 13. Alternatively a separate passage may be formed in or 
through the housing I for the gas to be cleaned. Thus, for instance, the 
surrounding wall of the housing 1 and the stationary partition 5 may be made 
double-walled, so that a flow passage is formed between the walls. It is also 
possible to arrange a separate passage of this kind only at a part or at certain 
parts of the circumference of the housing 1. 

[0037] In the described embodiment of the invention the centrifugal rotor 1 1 , 
further, is arranged to be driven by means of reaction force from pressurized 
liquid released from the centrifugal rotor through tangentially directed outlets 29 
and 30. Alternatively, any suitable driving device may be used to drive the 
centrifugal rotor and, thereby, the cleaning device 13. 
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